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[57] ABSTRACT 

A dynamically matched set of golf clubs having a vari- 
able optimum moment of inertia for each club in the set 
wherein each club has a moment of inertia proportional 
to the lie angle of the club and the optimum value of the 
moment of inertia is determined using precise mathe- 
matical formulas and calculations. 

13 Claims, 1 Drawing Sheet 
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MATCHED SETS FOR GOLF CLUBS HAVING 
MAXIMUM EFFECTIVE MOMENT OF INERTIA 

BACKGROUND OF THE INVENTION 5 

The present invention relates to a set of golf clubs, 
and in particular, to a set of golf clubs having a maxi- 
mum effective moment of inertia. 

The playing of the game of golf and the equipment 
used therewith are controlled by the United States Golf 10 
Association rules of golf, which are designed to pre- 
serve the essence of the game by not allowing equip- 
ment producing improvements outside the skill level of 
the player. For this reason, and given the fact that the 
equipment works well, golf equipment has stayed gen- 15 
erally constant over time, the exception being the pro- 
gression from wooden golf clubs to more technically 
advanced metals, graphites, and other plastics, which 
are currently in use today. 

Golf is played with a set of golf clubs, each individual 20 
club being designed to hit certain types of golf shots 
and/or to hit the golf ball certain distances depending 
upon the player's position and distance from the target, 
the hole. Within these parameters, there are a wide 
variety of numbers and types of golf clubs which com- 25 
prise a set. Normally, a set of clubs totals fourteen, the 
maximum number allowed when playing a game in 
accordance with United States Golf Association rules. 
Such a set includes three to five woods, a putter and the 
remainder being irons. Individual golfers often vary the 30 
makeup of each set of golf clubs. For example, a set can 
be made of only one or two wood type clubs, the rest of 
the set being distributed among irons and a putter. The 
distribution of the various clubs generally provide a 
golfer with a series of different lengths, weights and 35 
lofts of club heads, which enable the golfer to hit shots 
of varying distance and trajectory, depending upon the 
particular golf shot required when playing a game of 
golf on a golf course. Traditionally, wooden type golf 
clubs are used to hit the ball greater distances, whereas 40 
the iron type golf clubs hit shorter and more controlled 
golf shots. Most golf clubs used today are matched in 
accordance with swing weight, and in an optimum set, 
shaft frequency. Swing weight process is a system of 
static measurements based on a linear function of the 45 
shaft, grip and head in relationship to each other, using 
a swinging weight matching scale as described in the 
U.S. Pat. No. to Adams (1,953,916). The clubs of such a 
conventional matched set balance at the same setting on 
the scale. The scale reading is then used to designate the 50 
swing weight characteristics of the set to provide a 
statically balanced golf club. This process of swing 
weight measurement gained wide acceptance because 
most of the shafts used were relatively of the same dead 
weight. However, with modern technology. There are 55 
great weight differences in shafts due to new materials 
available, and the idea of swing weight is less applicable 
because this traditional way of matching golf clubs 
creates a set which does not swing the same. Conven- 
tional golf clubs are statically matched rather than being 60 
dynamically matched, so that the clubs within the set 
are not matched when they are swung to hit a golf ball. 

The concept of dynamically matching a set of golf 
clubs in accordance with the moment of inertia has been 
addressed in the prior art. For example, the U.S. Pat. 65 
No. to Marciniak (3,473,370) discloses a method of 
producing a dynamically matched set of golf clubs hav- 
ing the same moment of inertia by selecting a club of a 


desired swinging and playing action and determining its 
moment of inertia. This is accomplished using a tor- 
sional pendulum and measuring the moment of inertia 
with respect to the center of gravity. A set is made by 
selecting other clubs and applying heads of different 
weights until measurement with the torsional pendulum 
indicates that the same moment of inertia has been ob- 
tained. The data is plotted on a graph, which then can 
be read for the required head weights for the complete 
set. 

The U.S. Pat. No. to Everett, III (3,698,239) relates to 
a dynamically matched set of golf clubs also having 
identical moments of inertia with respect to a common 
swinging axis. Using a selected club, the moment of 
inertia is determined by calculation from length and 
weight parameters. The head weights required for dy- 
namically matching other sets in the club are matched 
to the favorite club. 

The U.S. Pat. No. to Osborne ct al. (3,703,824) relates 
to an apparatus for comparing moments of inertia of 
golf clubs about a given axis using a balance beam on a 
fulcrum, a means for supporting a club and a weight 
adapted to slide along the balance beam for counterbal- 
ancing the shaft and head, and a second weight on the 
beam between the fulcrum and the head whereby the 
two counterweights move over separate scales. The 
first scale is positioned on part of the beam and cali- 
brated in units of moment of inertia, and the second 
scale positioned on another part of the beam, calibrated 
in length of the golf club. To make a set of clubs, each 
club is chosen such that its moment of inertia about a 
specific axis does not vary by more than a preset 
amount. 

The U.S. Pat. No. to Suganuma (4,900,025) relates to 
a dynamically matched set of golf clubs using a uniform 
grip weight, shafts having different lengths and differ- 
ent shaft deflection characteristics. When a given 
torque is applied to each club about the same reference 
point, moments offeree at the head and sides of the club 
are standardized with reference to a central portion 
between the hands of the player who holds a club dur- 
ing a swing about a rotating axis. When natural frequen- 
cies of the club head end are set and measured with 
reference to the central portion as a support end, the 
natural frequency of arbitrary clubs are fixed in accor- 
dance with a predetermined formula. 

The U.S. Pat. No. to Turley (4,212,193) is directed to 
an apparatus and method for determining the moment 
of inertia of golf clubs using a low-cost electronic means 
to measure periods of oscillation and to compute and 
display the moment of inertia thereby. The patent 
teaches that clubs are matched by adding weight or 
adjusting length in order that the moment of inertia of 
each golf club be matched. 

SUMMARY OF THE INVENTION 

The present invention relates to a set of golf clubs 
wherein the clubs in the set are more consistent to swing 
and produce greater distance and accuracy by dynami- 
cally matching each club in the set to others. The clubs 
are matched using a precise moment of inertia formula 
whereby each club in the set has a variable but matched 
moment of inertia value in accordance with the length 
and lie angle of each club. Therefore, the present inven- 
tion provides an improvement over swing weighted 
matched golf clubs by calculating the effective moment 
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of inertia of each club and balancing the set in accor- 
dance with optimum predetermined characteristics. 

A quintessential book on golf equipment, Search fir 
the Perfect Swing, was published in 1968 by Alastair 
Cochran and John Stobbs. Its exhaustive research re- 5 
mains today as a foundation for many generally held 
golf club design parameters. The book discusses the 
relevance of the moment of inertia of golf clubs, and its 
relevance to the striking of a golf ball. This moment of 
inertia principle is the cornerstone underlying the pres- 10 
cnt invention. 

The present invention is particularly applicable to 
modern lightweight shafts, such as graphites and graph- 
ite composites, as well as lightweight steel. Using the 
VMI formula, the golf clubs of the present invention 15 
have head weights significantly heavier than the head 
weights of conventional golf clubs, resulting in greatly 
improved playing characteristics. In accordance with 
the teachings of the present invention, each individual 
golf club of the set is made with a maximum effective 20 
moment of inertia which varies from club to club in 
accordance with the length and He angle of each club. 
Initially, a golf club is selected having a moment of 
inertia which is used as a standard or control to which 
the other clubs are matched, using a precise moment of 25 
inertia formula and mathematical calculations based on 
the lie angle of the particular club being made. The 
standards are based on golf clubs which have been used 
for numbers of years and have been successfully used to 
play the game of golf by a wide variety of players to hit 30 
inestimable numbers of golf shots. Using the formula, 
the maximum effective moment of inertia based on tra- 
ditional golf clubs is provided not only for individual 
golf clubs, but for each club within a complete set. 

The maximum effective moment of inertia for each 35 
golf club in a set varies in accordance with the lie angle 
of each club and this optimum moment of inertia may be 
calculated based on this lie angle using the formula of 
the present invention. In a normal set of golf clubs, the 
lie angle increases with the shorter clubs and the mo- 40 
ment of inertia decreases. Using the formulas, the opti- 
mum amount of inertia may be obtained for any golf 
club even when variations in the standard lie angle are 
used, for example, when custom golf clubs are made for 
' taller or shorter players. 45 

Various categories of clubs may be made in accor- 
dance with the present invention to accommodate play- 
ers of different body types and strengths, and different 
playing ability levels, for example; tour players, low 
handicap amateur players, medium handicap players, 50 
high handicap players, and players with less limited 
abilities, including some women, children and elderly 
golfers. A driver, or a number one wood, normally is 
used as the standard in each category, although it will 
be appreciated that any club in a set could be used as a 55 
standard with no effective change in the development 
of the set in accordance with the present invention. 

In addition to providing a calculated moment of iner- 
tia for each club in a set, the club is balanced by provid- 
ing a back weight adjacent the butt or grip end of the 60 
golf club to create a balance point typical of those found 
in golf clubs which have been recognized as classics or 
standards in the field. The lighter weight shaft used to 
make current conventional golf clubs allows a heavier 
head weight in keeping with the formula parameters. 65 
The back weight is used to counterbalance the heavier 
head weight, permitting the shaft to have a balance 
point the same as the control club, thereby permitting 


the clubs to feel and swing essentially the same within a 
set, while providing increased mass to hit a golf ball for 
a given amount of force created during a golf swing. 

Among the objects of the present invention is to 
provide a set of golf clubs that is dynamically balanced 
and easier to swing to produce longer, more consistent 
and accurate golf shots. 

Another object of the present invention is to provide 
a set of dynamically balanced and matched golf clubs 
which represents an improvement over statically swing 
weighted balanced golf clubs. 

Another object of the present invention is to provide 
a set of golf clubs which eliminates equipment variables 
and improves muscle memory. 

Still another object of the present invention is to 
provide a matched set of golf clubs which does not 
require the golfer to consciously adjust his swing for 
each different individual golf club. 

Yet another object of the present invention is to pro- 
vide a set of golf clubs permitting a player to use techni- 
cally improved materials in the golf club construction 
without having to make major swing adjustments when 
playing the clubs. 

Another object of the present invention is to provide 
a set of golf clubs having an optimum moment of inertia 
determined for each individual golf club in the set. 

Other objects will become apparent with reference to 
the following description of the preferred embodiments 
of the invention. 

It is to be understood that the foregoing general de- 
scription and the following detailed description are 
exemplary and explanatory only and are not restrictive 
of the invention, as claimed. 

The accompanying drawings, which are incorpo- 
rated in and constitute a part of this specification, illus- 
trate the invention and, together with the description, 
serve to explain the principles of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic view of a golf club using the 
principles of the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The present invention relates to a set of golf clubs and 
a method of making a set of golf clubs in accordance 
with a mathematical formula for determining a maxi- 
mum effective moment of inertia for each club in the 
set. A typical golf club is shown in FIG. 1 having an 
overall club length, shaft length and lie angle. A mo- 
ment of inertia value for a control club in the set is 
chosen based on values found in traditional, or classic, 
golf clubs that have been used successfully over the 
years. The playing ability of the individual golfer for 
whom the club is made is also considered, such that a 
maximum effective moment of inertia is determined for 
a particular player based on these traditional clubs. 
Once the standard moment of inertia value for the con- 
trol club is established, the moment of inertia for each 
individual golf club in the set, which varies from club to 
club, primarily in accordance with club length, shaft 
length, head weight, shaft weight and lie angle, is calcu- 
lated in order that each club in the set be matched to the 
control golf club. Using the concepts of the present 
invention, the clubs made in accordance with the pres- 
ent invention have heavier head weights and lighter 
shaft weights. The clubs are subsequently balanced by 
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adding weight at the grip end to achieve an improved, 
dynamically balanced golf club. 

With the present invention, the moment of inertia of 
each golf club within a set of clubs is proportional to the 
control club. The proportionality is determined by the 
respective lie angle of each of the clubs, wherein clubs 
in the set having a greater lie angle have a lesser mo- 
ment of inertia value than clubs in the set having a lesser 
lie angle. For example, a driver with a lesser lie angle 
would have a greater moment of inertia than one of the 
shorter clubs with a greater lie angle, such as an iron. 

The moment of inertia, MI, of the control golf club is 
calculated by the following formula: 


Mi « (W\) (ti) 2 + 3 


sary to add back weight to the butt end of the golf club 
until this balance point is achieved. However, if the 
length of the club being made is different from the 
length of the control club, in order to determine the 
5 exact balance point, BP, for this particular golf club, the 
following balance point formula is used: 


BP* 


10 


{BPc) 


wherein Wl is club head weight, LI is club length, W2 
is shaft weight and L2 is shaft length. 

Once the moment of inertia value of the control club 
is selected based upon the particular playing ability of a 
golfer who used the club, the only unknown value in 
the moment of inertia formula is head weight, since the 
other parameters, which vary from player to player, 
including club length, shaft length and shaft weight, are 
fixed. Using the formula, the club head weight, Wl, is 
calculated. The golf club made in accordance with the 
calculated head weight value will have the maximum 
effective moment of inertia for the particular player. 
When using technically superior lighter weight golf 
shafts which are currently available, it is possible to 
obtain the precise desired or standard moment of inertia 
by simply adjusting the head weight of the golf club. It 
can be seen that lighter weight shafts require heavier 
head weights, and conversely, a heavier shaft would 
require a lighter head weight to achieve the same mo- 
ment of inertia value. 

The next step in creating a golf club is to consider its 
overall balance. In order to make the golf club playable 
so that, for example, the head weight does not feel dis- 
proportionately heavy, the club must be balanced. 
When using light shafts and heavy head weights, it has 
been found back weight at the grip or butt end of the 
golf club is necessary to produce a playable golf club. 
When establishing a moment of inertia for a particular 
golf club, technically both the grip weight and/or any 
back weight should be considered in the moment of 
inertia formula, however, these weights are relatively 
insignificant with respect to the weight of the shaft and 
head. Therefore, for the purposes of the present inven- 
tion, the grip and back weight are ignored, since there is 
little effective change when calculating the head weight 
when these back weights are included in the moment of 
inertia formula. However, back weight determines the 
exact balance point once the overall head weight of the 
club head is determined, as described hereinbelow. 

The balance point is determined by the overall length 
of the golf club, the weight of the club head, and the 
weight of the shaft and grip weight as well as any addi- 
tional back weight which may be used. For a particular 
set of clubs, the balance point ranges from a minimum of 
seven inches from the bottom of the club for the wedges 
up to approximately 13 inches for a driver. The balance 
point of a golf club being made must match the balance 
point of the control club in order to provide the same 
playing characteristics. Therefore, assuming the length 
of the club being made and the control club is the same, 
the balance point would be the same and it is only neces- 


whcrein Lc is the length of the control club, L is the 
overall length of the club being made, and BPc is the 
balance point of the control club. To achieve this exact 
balance point calculated by the formula, back weight is 

15 added to the butt end of the golf club until the balance 
point is achieved as measured using a number of known 
methods. In making golf clubs in accordance with the 
present invention, it has been found that the back 

in weight will vary in accordance with the head weight of 
the golf club and the particular type of golf club being 
made. 

With the present invention, clubs in the set which 
differ from the control club require an adjustment in the 
value of the moment of inertia in accordance with the 
lie angle of each club. Using the lie angle of a control 
club as a standard, the moment of inertia (MI) for a golf 
club being made or designed may be found in accor- 
dance with the following formula: 


25 


30 


wherein G c equals the control club lie angle, usually the 
35 lie angle of a driver, and 6 is the lie angle of the club 
being designed and MI £ is the moment of inertia of the 
control club. 

The moment of inertia of any given golf club in a set 
varies in accordance with the lie angle of the particular 

40 individual club. In other words, there is a direct ratio 
between the moment of inertia and the lie angle of the 
club. Using the lie angle formula, it can be seen that the 
moment of inertia decreases from the longer clubs to the 
shorter clubs, primarily due to the increase in the lie 

45 angle in the golf club. For example, the moment of 
inertia of a driver in accordance with the present inven- 
tion is higher than the moment of inertia of a five iron, 
and a five iron, in turn, has a higher moment of inertia 
than a wedge. 

50 The set of golf clubs in accordance with the present 
invention is specifically designed to be used with light- 
weight shafts in the range of approximately 60 to 110 
grams, whereas the moment of inertia formula is appli- 
cable for shafts with heavier weights, the payability of 

55 the golf club is greatly enhanced when using a light- 
weight shaft. The lightweight shafts combined with a 
heavier head weights and back weights to balance the 
clubs produces a set of golf clubs having playing char- 
acteristics which are greatly improved over the conven- 

60 tional or standard clubs. 

It will be appreciated that variations may be made 
from the teachings of the present application, which are 
exemplary only, within the scope and spirit of the in- 
vention as defined by the following claims. 

65 We claim: 

1. A dynamically matched set of golf clubs, each 
individual golf club in the set including a club head, a 
shaft and a grip on a butt end of the club; one individual 
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golf club m the set having a selected moment of inertia calculating the moment of inertia, MIc, for said con- 
value whereby the one individual golf club serves as a trol club in accordance with a moment of inertia 
control club for remaining golf clubs in the set; each of formula; and, 

the other individual golf clubs in the set having a mo- calculating the moment of inertia, MI, for each of the 

ment of inertia different than and proportional to the 5 remaining clubs in the set in accordance with a 

moment of inertia of the control club, the proportional- formula based on the differences in the respective 

ity being determined by the respective lie angle of each lie angles of each of the golf clubs, 

of the other individual golf clubs and the control club. 8. The method of producing a dynamically matched 

2. The set of golf clubs of claim 1 wherein clubs in the set of golf clubs of claim 7 wherein the moment of 
set having a lesser lie angle have a greater moment of 10 inertia, MIc, of the control club is calculated in accor- 
inertia than clubs in the set having a greater lie angle. dance with the following formula: 

3. The golf club set of claim wherein the moment of 
inertia, MIc, of the control club is defined by the fol- 
lowing formula: MIc = {Wl) {L] f + < y *> 


jurr - twi Mi u ^ WX&a) 2 wherein Wl is club head weight, LI is club length, W2 

mic - <*7,) (u? + — j — is shaft weight and L2 is shaft Iength 

9. The method of claim 8 wherein the step of calculat- 
wherein Wl is club head weight, LI is club length, W2 20 m S thc moment of inertia, MI, of the other clubs is 
is shaft weight and L2 is shaft length. based on the differences in the lie angle between the 

4. The golf club set of claim 3 being further defined individual clubs using the following formula: 
by each of the golf clubs in the set having a back weight 

at said butt end of the club to counterbalance the club M _ i + Cose 

head; said control club having a selected balance point 25 " > + Cos e f x m * 

BPc and wherein the balance point BP on each of the 

other individual golf clubs is calculated in accordance wherein MI C is the moment of inertia of the control 
with the following formula: club, 6 is the club lie angle of one of said individual 

clubs, and 6 C is the control club lie angle. 
2 30 10. The method of claim 9 further including the steps 

BF = Tc 2 " {BPc) of ca | culatin g the balance point, BP, for an individual 

club in the set in accordance with the following for- 

wherein Lc is the length of the control club, L is the mUla " 
length of one of said individual golf clubs, and BPc is 35 

the balance point of the control club. Bp _ I 2 

5. The golf club set of claim 1 wherein the moment of ^ 
inertia, MI, of each of the other individual golf clubs in 

the set is determined in accordance with the following wherein Lc is the length of the control club, L is the 
formula: m length of said individual club, and BPc is the balance 

point of the control club; and, 
, + Cos 0 balancing said individual golf club in the set to the 

m e i + Cos & c x MIc calculated balance point by providing a counter- 

weight at the butt end of each golf club, 
wherein MI C is the moment of inertia of the control 45 . " ? V™™^ matched set of golf clubs, each 
club, e is the lie angle of one of said other individual * S 'I the Mt includin S a cIub head > a 

golf clubs and Q c is the control club lie angle. shaft M ° n . a b ? tl end of the club : 

6. The golf club set of claim 1 wherein a balance ° ne , of * e mdlvldual ' ? o5f clubs «" *e set having a 
point, BP, for one of said individual golf clubs in the set T™' ^ whefeby the ° ne 
is determined in accordance with The following for- 50 S^^^^T^^^/^ 
mu l a . * mg golf clubs in the set; the moment of inertia, 

MIc, of the control club being defined by the fol- 
lowing formula: 


BP ^-^j {BPc) 


55 Mto-WiW + mpL 


wherein Lc is the length of a control club, L is the 

length of said one of said individual golf clubs, and BPc where i„ Wl is club head weight, LI is club length W2 

" f A m!Jhort P nf nt °i °°T l dU \ fc „ is shaft wei * ht «* L2 * ^aft length? * 

7. A method of producing a dynamically matched set «, each one of the other individual golf clubs in the set 

2 , C ' U f W h ,Th f°\ C,Ub K W the , Set hM a h8vin 8 a moment ° f ™*ia Afferent fi, L p£ 

S?« 1 r ™ a,C f hed ,, t0 * e f^ 6 " * nd .^° P0 J- P° nional ,0 °" mome nt of inertia of the conU 

t onal to the he angle of each golf club, compnsing the dub, the proportionality being determined by the 

steps or. ...... ,, , . respective lie angle of each one of the other indi- 

selecting an individual golf club in the set having a 65 vidual golf clubs wherein the moment of inertia 

predetermined moment of inertia value and using MI, of each one of the other individual clubs in the 

the selected club as a control club to which the set is determined in accordance with the following 

remaining golf clubs in the set are matched; formula: 
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10 


Ml: 


i + cose 
i + Cos e c 


wherein MI r is the moment of inertia of the control 
club, 6 is the lie angle of one of said individual golf 
clubs and O e is the control club lie angle. 
12. The golf club set of claim 11 being further defined 
by a back weight on the butt end of the club to counter- 
balance the club head, said golf club having a balance 
point between the club head and said butt end of the 
club. 


13. The golf club set of claim 12 wherein the control 
club has a preselected balance point and each one of the 
other individual golf clubs in the set has a balance point, 
BP, calculated in accordance with the following for- 
mula: 


(BPc) 


10 


wherein Lc is the length of a control club, L is the 
length of said individual club being made, and BPc is 
the balance point of the control club. 
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